Systemic air embolism is a potentially lethal often unrecognised complication of severe chest trauma. We present a case of delayed diagnosis of cerebral air embolism in a patient with severe thoracic trauma. The initiation of positive pressure ventilation, systemic hypotension, intraparenchymal chest drains and aerial transfer to an intensive care unit were all factors contributing to the development of systemic air embolism. The common clinical features, diagnostic tests and management of systemic air emboli are discussed.
Systemic air embolism is an uncommon complication of severe lung trauma [1] [2] [3] [4] [5] . We report a delayed diagnosis of cerebral air embolism following the initiation of positive pressure ventilation (PPV) during the resuscitation of a patient with multiple injuries from blunt thoracic trauma. Hypovolaemia, the possible intraparenchymal insertion of an intercostal drain, and transfer of the patient by fixed wing aircraft may have contributed to the condition.
CASE REPORT
A 37-year-old male motorcyclist collided with a tree at high speed. At the scene he was disorientated, tachypnoeic, tachycardiac with a blood pressure 150/50 mmHg. An intravenous crystalloid infusion was administered and the patient transported by road ambulance to a nearby regional rural hospital.
On arrival he was hypotensive (100/60 mmHg) and received further crystalloid. Gross neurological examination was normal but the patient had some retrograde and anterograde amnesia. Visible injuries were a fractured right clavicle, right fifth metacarpal, laceration to his right eyebrow and periorbital bruising. There was no clinical evidence of either spinal or pelvic injuries.
A chest X-ray demonstrated surgical empyhsema over the left chest wall, bilateral rib fractures (3-5 the right and 2-7 on the left) and bilateral lung shadowing ( Figure 1) . A left-sided intercostal drain was inserted without difficulty. Despite this, he remained tachypnoeic and desaturated markedly on removal of the oxygen mask. A second chest X-ray was performed an hour later and demonstrated marked bilateral pulmonary infiltrates and what was interpreted to be a right haemothorax. A right-sided chest drain was inserted with difficulty but no fluid was drained.
The patient's hypotension worsened with evidence of abdominal distention. An urgent laparotomy was carried out and a bleeding transverse mesocolon with two litres of intraperitoneal blood was found, necessitating right hemicolectomy.
The patient was then flown, ventilated, by fixed wing aircraft to a metropolitan tertiary hospital. On arrival, a cranial CT scan showed the brain to be normal but a fractured right maxilla and zygoma was present. Thoracic CT scanning with contrast demonstrated bilateral 60% pneumothoraces despite the two intercostal drains. The mediastinum and great vessels were normal.
In ICU, a further two chest drains were inserted anteriorly and directed apically. The original right basal drain was neither swinging nor draining despite suction being applied. Radiological opinion on the CT scan suggested that this drain could be intraparenchymal ( Figure 2 ). Both the original drains were then removed. The patient was sedated with propofol and morphine and ventilated with synchronized intermittent ventilation (SIMV) with a tidal volume of 600 ml, a respiratory rate of 14, PEEP of were 140 mmHg and 49 mmHg respectively. Peak airway pressure was 20 cmH 2 O. Thirty-six hours after the initial injury and 12 hours after cessation of the sedation, the patient remained drowsy. Repeat neurological examination elicited eye-opening to voice and an obvious left hemiparesis. A repeat brain CT revealed multiple bilateral foci of low attenuation in the deep white matter. Magnetic resonance imaging showed multiple foci of high signal intensity involving both cerebellar hemispheres, the deep white matter of both cerebral hemispheres, and higher signal foci near the vertex bilaterally ( Figure 3 ). Magnetic resonance angiography of the carotid and vertebral arteries were normal with no evidence of dissection or thrombus. These findings were likely to represent multiple embolic infarcts, most probably due to air embolism. Transoesophageal echocardiography (TOE) showed no other source of emboli, and ventricular function, heart valves and aorta were all of normal appearance. There was no passage of bubbles across the interatrial septum during a Valsalva manoeuvre.
Over the subsequent days, his level of consciousness improved with gradual return of power to his left side. Within 16 days gross neurological function was normal.
DISCUSSION
Although systemic air embolism after chest trauma has been described in the past 6 some degree of thoracic injury, with systemic air embolism occurring in about 4% of patients with major thoracic trauma 7 . Of these, two-thirds are from penetrating trauma and one third from blunt injury 7 . Stene et al estimated the incidence to be up to 14% of patients with major thoracic trauma 8 .
Systemic air embolism occurs when a direct communication exists between the air passages and the blood vessels. In chest trauma, scattered loss of integrity of the pulmonary blood vessels, air passages and alveoli creates such a pathway 1 . In a spontaneously breathing patient the pressure in the airways is lower than the pulmonary venous pressure. With PPV the airway pressure and to a lesser extent the pulmonary venous pressure increases. Further increases in airway pressure eventually reverse the gradient and air enters the pulmonary circulation.
The amount entering can be demonstrated by TOE to be less at lower lung volumes and pressures 2 . Hypotension reduces pulmonary venous pressure and therefore amplifies the gradient reversal. Systemic air embolism also occurs from air entering the pulmonary artery. Although less likely, at very high ventilatory pressures it is possible for air to enter the pulmonary artery and systemic circulation via transpulmonary passage 9 . At no stage did our patient require particularly high ventilatory pressures, but coughing on the endotracheal tube during suctioning of the airways and physiotherapy could have been sufficient to set up such a favourable pressure gradient. PPV and coughing can lead to right-to-left shunting and air entry through a patent foramen ovale [10] [11] [12] [13] , but no such defect was seen on echocardiographic examination of our patient.
Only small amounts of air entering the cerebral or coronary circulation can be fatal. Two millilitres of air injected into the cerebral circulation 14, 15 can be fatal and 0.5-1.0 ml of air injected into a pulmonary vein 16 can cause cardiac arrest from coronary embolism or ischaemia. The mortality in patients arresting due to systemic air embolism and undergoing emergency thoracotomy exceeds 90%. For those requiring an emergency thoracotomy for hypovolaemic arrest or cardiac tamponade, the mortality rates are 85% and 62% respectively 17 .
Clinical features of systemic air embolism can vary and diagnosis after major chest trauma is often delayed or missed because of frequent early fatal outcome and the fact that shock and neurological dysfunction have multiple aetiologies 2 . The combination of haemoptysis, shock and CNS dysfunction in major chest trauma immediately following the initiation of IPPV makes air embolism a possibility. Haemoptysis occurs in 22% of cases of systemic air embolism and suggests a communication between pulmonary vessels and the airway 18 . Neurological dysfunction in the absence of head injury, especially following the initiation of IPPV, raises the possibility of systemic air embolism. Cerebral emboli may manifest as focal seizures, deficits, or a depressed or deteriorating level of consciousness. Fundoscopic examination may show retinal air bubbles or pale silvery sections. Other clinical signs may include marbling of the skin 19 or mottling of the tongue (Liebermeister's sign) 20 .
Often the diagnosis is made after air has been aspirated from intra-arterial monitoring lines. At resuscitative thoracotomy or autopsy, air may be aspirated from the coronary arteries, left atrium, ventricles or aorta. In a series of twelve autopsies by King et al following death from thoracic injury, left-sided cardiac air emboli were found in nine cases using underwater dissection techniques 4 . Air may not be found at autopsy as it may be reabsorbed into the circulation prior to dissection 1, 4, 21 . Chest X-rays and CT are non-specific but may demonstrate a pneumohaemothorax, interstitial emphysema, infiltrates or contusion. CT of the brain may reveal intracerebral air as negative density streaks reproducing a cast of the cerebral arteries, as well-defined areas of low density, or cerebral oedema and infarction 5, 22, 23 . Magnetic resonance imaging and positron emission tomography may also be useful in documenting cerebral gas. TOE can detect air bubbles as small as 2 micrometres in diameter 24 . Alternatively, transthoracic echocardiography is less invasive but provides much poorer image resolution than TOE 25 . Praecordial and oesophageal Doppler can be used to detect air in the cardiac chambers and transcranial Doppler monitoring may detect cerebral gas embolization 26 .
Management of recognized systemic air embolism in chest injury involves: 
CONCLUSION
This case illustrates the delayed diagnosis of systemic air embolism, a potentially fatal complication of chest trauma. The diagnosis was made on the basis of abnormal neurological findings supported by embolic lesions on CT and MRI with normal angiography and echocardiographic examinations. Many factors contributed to the development of the systemic air embolism. Hypovolaemia from intraperitoneal haemorrhage, PPV for bilateral lung contusions and the possible intraparenchymal position of a chest drain may have created favourable conditions for air entry into the pulmonary venous circulation. Aerial transfer (albeit unavoidable) may have increased the size of embolized air bubbles and pleural air.
Maintaining a high index of suspicion, use of adequate volume resuscitation and avoidance of high ventilatory pressures (if PPV is unavoidable), are the H. A. BROWNLOW, C. EDIBAM Anaesthesia and Intensive Care, Vol. 30, No. 5, October 2002 most important factors in the prevention of systemic air embolism after chest trauma. Hyperbaric oxygen therapy within six hours may reduce the morbidity and mortality in documented cerebral air embolism.
